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Abstract:  Manufacturing System Engineering (MSE) is a complex process 
generally performed by a multi-discipline project team.  The Manufacturing System 
(MS) must satisfy many different requirements and objectives so compromises 
generally have to be made to achieve a balanced design for the new or re-engineered 
MS.  Project team members must be aware when decisions are made which are 
significant to other team members.  When teams are large and located in multiple 
sites, this can be very difficult to achieve, and intelligent support systems are 
necessary.  The MSE Moderator is designed to monitor design decisions, evaluate 
their significance to individual project team members and communicate with any team 
members deemed necessary. 
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1. Introduction 
A manufacturing system may be engineered, or re-engineered for a variety of different 
reasons.  Projects may range from partial or comprehensive overhauls of existing 
facilities, to complete designs of new manufacturing operations.  The competitive 
market forces manufacturing enterprises to accelerate new product design and launch, 
as reduced time to market may be critical to the eventual success of the product.  To 
facilitate the smooth transition from design to manufacture, it is essential that the 
manufacturing system which will eventually produce the product is considered in 
parallel with the product design.  This may lead to the manufacturing system being 
fully or partially designed in parallel with the product design.  In contrast, another 
common example of manufacturing system re-engineering occurs when the 
manufacturing system consists of a supply chain.  Supply chains inevitably require 
modification, or re-engineering if alternative companies or facilities within a parent 
company can offer improved benefits to the chain, or if for some reason, existing links 
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cease to work effectively within the chain.  Similarly, a globally distributed operation 
may need to engineer a completely new manufacturing system when they plan to open 
more cost-effective facilities in different parts of the world, since this may necessitate 
designing a complete manufacturing plant.   
 
Methods for manufacturing system design are not well understood or documented, 
although substantial amounts of work exist in the parallel field of enterprise and 
manufacturing system modelling (Harding et al, 1999, Yu et al, 2000, ESPRIT, 1993, 
Scheer, 1992, Bouti and Ait Kadi, 1998).  Manufacturing systems are complex, and 
projects often require expert contributions from many different disciplines to 
successfully design or modify the system.  The Manufacturing System Engineering 
(MSE) process has been examined as part of the MISSION Research Project 
(IMS/ESPRIT 29656) (Rabe, 2000, Mission Consortium, 2001) which has recently 
been completed as part of the Intelligent Manufacturing Systems (IMS) program.  In 
particular, the MISSION research examined many applications of simulation within 
manufacturing system design and operation.  A key area of the project also examined 
the provision of intelligent support applications within the MSE process.  This paper 
reports on the research results for one particular intelligent support application, the 
MSE Moderator.  The MSE Moderator monitors the progress of, and inputs to the 
MSE process and ensures that project members are made aware of additions or 
changes to the manufacturing system design which are relevant to their rôle in the 
MSE process.  This is a complex and important function, particularly as MSE projects 
commonly utilise multi-discipline, distributed teams. 
 
2. MSE Moderator Concept 
2.1 Multi-Discipline Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Distributed Teams reduce awareness and informal information 
exchange 
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A manufacturing system must satisfy many different requirements and objectives.  To 
achieve this, it is usual for a project team to be formed, which utilises the skills of 
many different team members from a variety of disciplines, each with a particular 
expertise and background experiences.  Individual team members may, for example, 
be skilled in areas such as process selection, equipment selection, facility layout, 
performance prediction (perhaps by simulation), and potentially many others.  In most 
design activities, compromises have to be made to achieve a balanced design which 
meets all the requirements and objectives of the project.  However, if individual 
experts work on their own on particular aspects of a design, it may be difficult to 
identify when compromises need to be made (see figure 1).  These difficulties are 
intensified as large manufacturing organisations commonly use project teams with 
members located at different sites (possibly even in different countries). 
 
2.2 Functions of an MSE Moderator 
The primary function of the MSE Moderator is to raise awareness within and between 
members of the project team.  It makes project team members aware when they take a 
design decision which is significant to another team member (or members) and 
project team members are also made immediately aware when a decision has been 
made which affects them.  It is much easier for project managers to maintain an 
environment of common understanding when project team members can meet 
together regularly, exchange information and discuss progress.  When project teams 
are large and distributed, possibly only meeting through exchanges of emails or 
telephone conferences, additional information technology and intelligent support 
systems, such as the MSE Moderator, are necessary. 
 
The various activities performed by the MSE Moderator to achieve its primary 
function are termed the Moderation Process, and the essential constituent activities 
are listed below.   
 
1. The MSE Moderator must know whenever a decision is taken relating to the MSE 
project, as this is equivalent to a change being made to the MS design. 
2. The MSE Moderator must be able to evaluate the change and determine whether 
the decision is significant to any other team members 
3. The MSE Moderator must be able to communicate with any project team member 
who is assessed as being affected significantly by the change. 
 
Additional necessary functionality for the MSE Moderator can be identified through 
examination of the activities in the Moderation Process.  For example, the MSE 
Moderator must be able to collect, store and evaluate knowledge about what is 
important (significant) to individual design team members.  Also, it must be 
straightforward to modify this knowledge during the course of a project as team 
members may join or leave the project and the relevance of particular types of 
decision may also change.  The MSE Moderator must also be able to store, or have 
access to, contact information for project team members. 
 
The activities described above have been termed the Knowledge Acquisition Process. 
 
Clearly any implementation of the MSE Moderator has substantial information and 
knowledge requirements to enable the moderation process to take place successfully, 
but many different approaches to the implementation are possible, and these are partly 
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dependent upon the environment in which the MSE Moderator is to work.  For 
example, the performance of activity 1 partly depends on how decisions are recorded 
and how design information is stored.   If design information is recorded in relational 
or other conventional databases, then the MSE Moderator could regularly interrogate 
the database.  Alternatively, in an object oriented system, the MSE Moderator could 
be activated by messages being passed when design information has been changed, 
the mechanism for transmitting such messages being embedded in the highest 
inheritance level of methods updating database content.  The methodology used in the 
current research has built on previous experiences gained in the area of product design 
(Harding & Popplewell, 1996).  The remainder of this paper will report on the design 
and implementation of the prototype MSE Moderator demonstrated at the completion 
of the MISSION Research project.  The concept of the Knowledge Representation 
Model (KRM) is presented first, as this provides a basis for the structure of the 
prototype MSE Moderator.  The KRM was first introduced by Harding (1996) and has 
subsequently provided a basis for several intelligent systems to support various 
aspects of design (Omar et al, 1999, Borja et al, 2001). 
 
3. Specification 
3.1 Storing Knowledge and Expertise 
Substantial amounts of information and knowledge about the MSE project objectives, 
the expertise and skills of the project team members, and the manufacturing system 
being engineered, must be available for the MSE Moderator to successfully perform 
its moderation processes.  Many different types of expertise must be supported, in a 
variety of different situations that may arise during the design process (Harding & 
Popplewell, 1996).  There is no single method which can best capture or store the 
information and knowledge which must be utilised to enable such experts to work 
effectively, since the content of this knowledge is so varied.  It is therefore essential 
that information and knowledge are captured in as flexible a manner as possible, to 
ensure its reusability in a variety of situations, by a variety of users or applications 
over a period of time.   
 
The potential to reuse knowledge from previous projects is also a very important 
consideration.  Information and knowledge (often gained through experience on past 
projects) are very valuable resources.  It is no longer acceptable for such valuable 
resources to exist only in the experience of long established employees, since industry 
cannot afford to lose its specialist knowledge as employees retire or leave for other 
reasons.  Information models, which can be instanced as populated databases 
providing a single representation of product related data, are central to many research 
activities intended to support product design and development (Krause et al 1993, 
McKay et al 1996).  Valuable information about manufacturing capabilities and 
facilities can also be modelled and used for many design and operation activities 
(Molina and Bell, 1999, Yu et al, 2000).  However, these generally only satisfy part of 
industry‟s requirements, since ways to capture the knowledge of how to utilise and 
apply such information are also of vital importance.  If this can be achieved industry 
can preserve much of its valuable design experience over successive generations of 
employees. 
 
Many artificial intelligence paradigms and existing systems were considered for the 
implementations of the moderator, and they all provide particular benefits in certain 
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conditions.  However, no existing system was found which easily satisfied the 
following over riding requirements of the Moderator: 
 It must be able to easily access information from existing databases (of various 
types).  
 It must be able to communicate easily with project team members.   
 It must be quick and easy to maintain and change knowledge which is being used 
in the moderation process. 
 It must be quick and easy to reuse knowledge. 
 
A combination of object technology, database technology and established 
programming languages (such as C++) can easily satisfy these individual 
requirements.  C++ code can also be used to activate neural networks, genetic 
algorithms or other intelligent systems as required, to gain the benefits of these 
approaches when necessary.  The KRM modelling platform was built on these 
technologies to specifically address the above requirements. 
 
3.2 The Knowledge Representation Model (KRM) Concept 
The KRM is a flexible hybrid approach, which enables a variety of artificial 
intelligence representations of knowledge to be used, and reused.  The KRM provides 
a framework, and class hierarchy, and using this approach knowledge can be captured 
used, and maintained as persistent objects that are easily accessible in a database. 
 
Using the KRM concept, knowledge is represented as groups of associated, inter-
active objects, which are termed as modules.  The knowledge is processed as the 
objects pass messages to each other.  The KRM objects can exhibit many different 
types of behaviour when they receive a message, and their activities can include: 
collecting information; processing information; checking the truth of specified 
conditions; communicating with users; activating neural networks; etc.  As this range 
of possible activities is virtually limitless, the potential applications of the KRM are 
numerous and varied.  The KRM can be used to produce knowledge bases, by storing 
the objects as persistent objects within an object oriented database.  It is however 
essential that a true object oriented database, which supports processing of object 
methods (or member functions), inheritance and polymorphism be used.  As the KRM 
concept makes use of database technology, and KRM objects are able to collect and 
process information, the KRM is further enhanced when used in conjunction with 
information models, as this facilitates the processing of product or manufacturing 
information.  
 
The KRM concept enables knowledge to be represented by one or more modules – 
hence, each type of expertise considered by the MSE Moderator can be stored as a 
module, in an object oriented database.  In the case of the MSE Moderator, knowledge 
about individual project members, and the knowledge about what changes are 
important to them, and what actions should be taken if such changes occur, are stored 
in objects called Design Agent Modules.  Each Design Agent Module knows how to 
process its own knowledge, as this behaviour is implemented in methods of the class.  
The inter-active objects that are associated with each Design Agent Module come 
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from various classes, including Ruleset, Rule, Condition and Action objects, and the 
processing of knowledge is achieved by message passing between instances of these 
various classes.  The names used to identify classes associated with the MSE 
Moderator and Design Agent Modules are very similar to the terminology of standard 
expert systems, in particular of production systems.  This is a deliberate use of 
metaphor, as it is believed that terms such as Ruleset, Rule, WorkingMemory, etc are 
sufficiently well known for some level of understanding of the primary functions of 
these objects to be immediately gained by any casual reader.  However, it is important 
that the metaphor is not taken too far and the approach over-simplified as this can lead 
to misunderstanding of the KRM.  The KRM is not a production system.  The KRM is 
an object oriented system, and the use of object technology in software systems based 
on the KRM is fundamental to the ultimate success of the implemented systems.  
Implementations of the KRM work with classes of objects, so instances of these 
classes have state, behaviour and identity, and therefore the objects provide all the 
flexibility and power and potential for reuse of object oriented systems.  By making 
extensive use of inheritance structures and polymorphism, it has been possible for the 
similarity of behaviour of certain classes of objects to be exploited even though the 
implementations of particular sub-classes of objects is significantly different.  This 
point is central to the concepts of this work. 
 
3.3 MSE Moderator as an Instance of the KRM 
The MSE Moderator is an intelligent, knowledge based system which supports the 
collaboration and co-ordination of many different types of expertise through a variety 
of different situations which arise during the MSE process. 
 
Many different types of knowledge and expertise may contribute to the design of a 
manufacturing system and the MSE Moderator must be able to store knowledge of 
what aspects of the design are important to any or all of these participants.  In 
addition, team members who can contribute constructively to the manufacturing 
system design process, inevitably vary throughout the lifecycle of the project, as 
different skills are required at different stages of the project.  The knowledge content 
of the MSE Moderator must therefore be directly determined by the range of experts 
working in the project team at any particular time.  It is not possible to develop a 
hard-coded representation of the knowledge needed for a general implementation, for 
at least two reasons:  
 
1.The knowledge used by the MSE Moderator will be highly dependent on the 
organisational structures and practices used both within a particular project, and used 
generally within the enterprise or enterprises that are undertaking the manufacturing 
system design.  The knowledge base will therefore differ between one implementation 
and another, and indeed it is likely that only the highest level of the structure of the 
MSE Moderator will be constant between implementations.   
 
2. It is highly probable that the knowledge base will need to change as a project 
progresses, since experts will join or leave the project, requiring changes in the 
knowledge that is available to the MSE Moderator.   
 
These points are emphasised here as they are very important when deciding on how 
knowledge about the project team members and design issues that are relevant to them 
should be stored.  It is essential that the MSE Moderator can capture and store 
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information and knowledge about the project members, in a very flexible, versatile 
manner, that ensures its reusability in a variety of situations, by a variety of users or 
applications over a period of time. 
 
The MSE Moderator has been implemented with a separate knowledge base, based on 
the KRM, which was originally designed to support distributed team working, as 
exemplified by design teams in concurrent engineering projects (Harding, 1996).  
Instances of the KRM may be used to capture different types of expertise within an 
object oriented database.  This approach enables knowledge to be stored in database 
structures alongside product and manufacturing information, thus enabling both 
information and knowledge to be shared, and reused, by different applications.  
 
4. Prototype Implementation of the MSE Moderator 
4.1 MISSION Research Project 
The MISSION project research (IMS/ESPRIT 29656) was directed at establishing 
new ways of using simulation for MSE, and to understanding the mechanisms and 
concepts necessary for successful application of information modelling and simulation 
techniques for global MSE activities. The general goal of MISSION was the support 
of the MSE process by integrating tools that can be employed in various aspects of the 
MSE process.  As described in the MISSION Project final report, D24 (Mission 
Consortium, 2001), the MISSION concept has been embodied as the Mission 
Modelling Platform (MMP).  This includes two distinct, but linked environments, the 
Manufacturing System Run Time Infrastructure (MS-RTI), which supports execution 
of distributed simulations, and the MSE Integration Infrastructure, which provides the 
mechanism for interfacing MSE Agents that participate in the MSE Process.  The 
purpose of the MSE integration environment is to allow, and support information 
sharing amongst any or all MSE Agents that may have an interest in that information.  
Any information relating to the manufacturing system or to the MSE project can be 
structured according to the MMP information model and stored in databases.  Access 
to the databases is provided and supported by an MSE Agent called the Information 
Manager.  
 
In the MISSION project, the term “MSE Agent” is used to refer to each combination 
of engineer(s) and supporting software performing an identifiable function to 
contribute to the developing MSE design. The developing design is shared between 
MSE Agents, and is held in a common MSE database, structured by a MISSION 
information model to meet the project‟s needs. Thus, for example, the project 
management function may be fulfilled by a Project Agent which may be expected to 
include software tools to support both strategic management and project planning, 
whilst simulation software and statistics packages would be available within a 
Simulation Agent, to provide performance evaluation.  It is important to note that 
using this definition, the balance of human and computer intelligence in an MSE 
agent will vary between MSE agents.  Few MSE agents will be entirely software 
based, and no MSE agent can be entirely human as there must be at least an interface 
with the MSE database.  
 
The MISSION platform is particularly valuable in supporting simulation applications 
resulting from the development of globally distributed or virtual enterprises (Rabe 
2000). 
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4.2 Mission Architecture 
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Figure 2: Mission Modelling Platform (MMP) 
 
The MISSION Modelling Platform (MMP), provides a two level infrastructure to 
support both specialist manufacturing system design tools and distributed simulators 
to support system evaluation and performance measurement.  This is shown in the 
outline of the MMP that is provided in figure 2. 
 
The Manufacturing System Run Time Infrastructure (MS-RTI) supports execution of 
distributed simulations. The components of the distributed interface are specified by 
the Simulation Manager, who also determines which simulation runs are necessary, 
and accepts output from the runs. In the future, it is envisaged that the MS-RTI will 
provide access to real production systems, such as process planning and control 
systems and shop floor control systems, as these operational systems develop and 
incorporate their activities into the simulation. Within this platform, time 
synchronisation mechanisms (independent from calendar time) are essential for 
individual simulators running in parallel to interact.  The MSE Integration 
Infrastructure provides the mechanism for interfacing MSE Agents.  The intention is 
that the MSE integration infrastructure is open so that the set of MSE agents working 
in this environment, can be increased or changed, depending on the requirements of 
the project.  Other agents could be attached to extend the range of manufacturing 
systems engineering activities integrated, so the set shown in figure 2 is simply an 
example, and could never be definitive or complete.   
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In the prototype MMP, information relating to the manufacturing system being 
designed was stored in Oracle databases and access and sharing was orchestrated by 
the Information Manager. However, since the MSE Infrastructure is open, an 
Information Manager could be written to support any implementation of an MSE 
design data repository, provided only that it meets the interfacing requirements of the 
Infrastructure. 
 
4.3 Implementation of MSE Moderator within MISSION Platform 
The implementation of the MSE Moderator will now be illustrated using the 
following example Manufacturing System Design Scenario: 
 
A large, globally distributed manufacturing enterprise is using the MMP to 
design a new manufacturing system for the manufacture of a new product.  
The Project Agent has been used to specify details of the project team 
members, to identify the products to be produced by the new system, and to 
record the initial objectives for the system.  These include the average number 
of products to be made per week, the maximum number of products required 
in any week, the maximum variable cost for the product, the delivery policy 
(eg from stock, or within 10 days of order, or…), etc.  The Project Agent has 
communicated with the Information Manager, through the MSE Integration 
Infrastructure, and has stored this information in the shared information 
databases (see figure 2).  The current project team also includes a 
Manufacturing Resource Agent, who has expertise in the specification and 
allocation of production machinery and other essential resources and facilities 
for the particular processes involved in the manufacture of this and similar 
product varieties.   A Layout Agent, who has expertise in the specification and 
design of the layout for production lines and all support areas, is also included 
in the team. 
   
 
4.3.1 Knowledge of MSE Agents 
As previously explained, the MSE Moderator designed during the MISSION research, 
is based on the KRM concept.  The knowledge base for the MSE Moderator is 
implemented and stored as an ObjectStore database, containing persistent objects 
from several different classes.  Primarily, knowledge of MSE Agents is structured 
using the class Design Agent Module.  Knowledge about each individual MSE Agent 
and the knowledge about what changes are important to it, and what actions should be 
taken if such changes occur, is stored in a separate Design Agent Module object.  
Each Design Agent Module object knows how to process its own knowledge, as this 
behaviour is implemented in methods of the class.  The processing of knowledge is 
achieved by message passing between instances of a range of associated classes of 
objects.   
So, based on the above example, at this moment in time, the MSE Moderator must 
have at least three Design Agent Module objects in its knowledge base, i.e. 
representing the Project Agent, the Manufacturing Resource Agent and the Layout 
Agent.  Each Design Agent Module contains some static information about the MSE 
agent, for example: 
1. the name of the MSE agent, (e.g. Project Agent) 
2. how the MSE agent can be contacted, (this may be an email address, or an IP 
address, or details of some way in which a message can be passed to the agent) 
A Manufacturing System Engineering Moderator: an aid for multi-discipline project teams 
Revised for International Journal of Production Research      1st November 2002   
Page 10 of 16 
3. class names of objects the MSE agent might be interested in.  (e.g. the Project 
Agent would be interested in any objects that are related to the objectives he has 
defined for the project: these may include estimates and predictions of product 
throughput from different processes or resources in the system design, and costs 
associated with different processes, resources and facilities. 
 
The Design Agent Module is also linked to a knowledge base which provides detailed 
knowledge for the MSE Moderator to use when determining whether an MSE agent is 
interested in a particular change.  The structuring of this detailed knowledge is 
complex as potentially it can take many different forms, depending on the expertise 
and functionality of the MSE agent, and the type of environment in which the project 
team are sharing information about the manufacturing system design.  For this reason, 
the prototype implementation of the MSE Moderator has made use of the flexible 
KRM approach to structure this knowledge.   
 
In the example, the MSE Agents are all sharing design information within the shared 
databases that are accessed via the Information Manager.  The MSE Moderator 
therefore also collects information about design decisions that have been taken, via 
the Information Manager.  Each Design Agent Module provides the MSE Moderator 
with a mental model of a particular Design Agent.  Hence, the MSE Moderator may 
be associated with many different Design Agent Modules, and at any stage of the 
project, Design Agent Modules may be added, removed or modified.  In addition to 
the static information about the MSE agent described above, the KRM has been used 
to provide the MSE Moderator with knowledge about each MSE Agent's area of 
interests.  This is necessary so that it can decide whether any particular MSE Agent 
should be contacted and made aware of a current design decision.  The type of 
knowledge the MSE Moderator requires can be demonstrated by considering the short 
MS Design Scenario given above.  For example, the Design Agent Module for the 
Project Agent should let the MSE Moderator know that the Project Agent should be 
contacted if any throughput estimates or predictions are added to the database that are 
lower than specified in the project objectives.  Similarly, knowledge in the Design 
Agent Module for the Project Agent Module should tell the MSE Moderator that the 
Project Agent needs to be made aware if predictions of production costs are higher 
than the costs specified in the objectives by the Project Agent.  Hence, the knowledge 
in any Design Agent Module will depend on what is of importance to that particular 
MSE Agent.  For example, the Manufacturing Resource Agent may want to be 
notified if any change is made to information related to any manufacturing resource 
he has specified for use in the new manufacturing system. 
 
In this way, by using a Design Agent module to represent each MSE agent, the MSE 
Moderator is populated with knowledge about the knowledge used by the MSE agents 
that are currently participating in the project.  The Design Agent Modules in the 
knowledge base therefore provide the MSE Moderator with the background 
knowledge that it requires to support the multi-discipline design team. As explained in 
section 2.2, the MSE Moderator performs two main functions, the Moderation 
Process and the Knowledge Acquisition Process.  
 
4.3.2  Moderation Process 
Most of the MSE Moderator‟s activities during the moderation process are performed 
in the background, and MSE Agents are probably not conscious of its presence until 
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someone makes a design decision that directly affects them, and the MSE Moderator 
consequently contacts them.  In order to test and demonstrate the prototype MSE 
Moderator, a trace screen was implemented, to display the activities that would 
normally be carried out in the background.  This screen can be seen in figure 3.   
 
The moderation process is activated whenever a design decision is made, and this is 
identified by a change being made to the design information within the shared 
databases, i.e. in the prototype MISSION system whenever a change is made to the 
information held in the shared (Oracle) databases administered by the Information 
Manager, the moderation process begins.  Design change identification is achieved by 
the MSE Moderator polling and asking the Information Manager for details of any 
changes that have taken place.  The MSE Moderator program is also connected to a 
knowledge base (ObjectStore database), which contains the Design Agent Modules, 
and the MSE Moderator's Working Memory Object.  The Moderator Working 
Memory class stores information which the MSE Moderator uses during the design 
moderation process.  This includes details of the changed object, and other 
information to help manage its interactions with Design Agent Modules.  Whenever a 
design change is identified, it must then be evaluated.  
 
Consider again the given Manufacturing System Design Scenario.  The 
Manufacturing Resource Agent has worked on the system design, and has specified 
production machinery which can satisfy the maximum capacity requirements that 
were defined in the project objectives.  The machinery is to be installed in existing 
facilities, and the Layout Agent plans this part of the work, simulations are run and 
the required throughput can be achieved.  The manufacturing system design is 
therefore progressing satisfactorily.  However, later in the project, an unexpected 
problem arises over the installation of services, and the planned layout must be 
changed.    
 
The MSE Moderator is routinely checking for design changes (working in the 
background as usual) and detects that a change has been made to information related 
to a manufacturing resource.  It records details of the change in the Working Memory 
Object within its knowledge base (as usual).  It then continues the moderation process, 
by checking the static information within each of the Design Agent Modules in turn, 
to see if any of the MSE Agents may be interested in the change.  It identifies that the 
Manufacturing Resource Agent is potentially interested, so the MSE Moderator takes 
the further step of processing all the knowledge it has about the Manufacturing 
Resource Agent.  During the course of processing this knowledge, it finds out that the 
Manufacturing Resource Agent is only interested in the change if the changed 
manufacturing resource was initially specified by this agent.  The MSE Moderator 
therefore further interrogates the Information Manager to obtain more information 
about the resource, and compares the name of the specifier with the name of the MSE 
Agent, and finds they are the same.  The MSE Moderator therefore contacts the 
Manufacturing Resource Agent, and notifies him of the design change, so that he can 
re-evaluate the design.   
 
The Manufacturing Resource Agent may then revisit his simulation models, reassess 
the performance of the system, and find the predicted throughput is slightly reduced 
as a result of the changes.  He should then modify this predicted value in the design 
database.  Once again, the MSE Moderator would be routinely checking for design 
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changes and would detect that a change has been made to a throughput prediction.  
Having recorded the change, and checked its knowledge in the current Design Agents‟ 
Modules, the Moderator could then identify that potentially the Project Agent may be 
interested in this change.  Based on the detailed knowledge the MSE Moderator has in 
its Design Agent Module for the Project Agent, it would further interrogate the 
Information Manager and obtain more information about the required average and 
maximum throughputs of the system.  If, for example, the modified throughput 
prediction was now less than the required minimum, the MSE Moderator would notify 
the Project Agent.  Figure 3 shows a trace of these activities.  At 15:05:32 the MSE 
Moderator was notified of the change, and checked the static information in its Design 
Agent Module for the Project Agent.  It then identified that the Project Agent was 
potentially interested in changes of this type.  The MSE Moderator therefore carried 
on with the next stage of its moderation process, which was to process the knowledge 
it holds about the Project Agent.  It identified that the changes was likely to be 
significant for the Project Agent, and the MSE Moderator therefore contacted the 
Project Agent – as shown by the small window at the bottom of the figure.  
 
The above description provides a small example of how the MSE Moderator may 
operate in a particular Manufacturing System Design scenario.  In general, the 
activities in the moderation process can be summarised as follows. 
 
 
Figure 3: Design Moderation Module 
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The MSE Moderator routinely checks for design changes (through the information 
manager).  When a change is identified, it records it, and does a quick check of the 
static information stored for each Design Agent Module, to see if it is possible that the 
change may be significant to one or more of the MSE Agents.  If it finds that the 
change is potentially significant, the MSE Moderator takes the further step of 
processing all the knowledge it has about the particular MSE Agent(s).  When the 
MSE Moderator processes its knowledge of a particular MSE Agent, it may need to 
gather further information about other elements of the design, via the Information 
Manager.  Using all these sources of potential information, the MSE Moderator will 
determine whether it is necessary to communicate with any of the MSE Agents.  If it 
is necessary, details of how the MSE Agent can be contacted will be extracted from 
static information for the particular Design Agent Module, and an appropriate 
message sent to the MSE Agent.  
 
The functionality defined in section 2.2 has therefore been achieved as follows:  
 
1. The MSE Moderator must know whenever a change is made to the MS design:- 
In the context of the MMP, the Information Manager signals the MSE Moderator 
whenever a change in the MSE design is recorded in the project database. The 
signal includes information to identify the elements of the design added or 
changed. 
2. The MSE Moderator must be able to identify when a design change may cause 
conflict:- The MSE Moderator will therefore retain and apply knowledge about 
the knowledge used by each of the MSE agents. This is done using Design Agent 
Modules in its knowledge base.  During the moderation process it is likely that the 
MSEM will request through the Information Manager information about design 
features related to the change. The MMP Data Model defines the structure used to 
identify related features within the MSE Design Database. 
3. The MSE Moderator must communicate the detection of possible conflict to all 
MSE agents which it deems to have an interest in resolving the conflict, and 
when necessary remain in dialogue with these agents until resolution is 
achieved.  Communication details are held in each Design Agent Module, and in 
the prototype implementations, communications via emails and via socket 
messages were used. Working memory facilitates continuing coherent dialogue as 
necessary. 
 
4.3.3 Knowledge Acquisition 
The MSE Moderator must be able to acquire knowledge which is generally applicable 
to the industry and enterprise, including the knowledge of all MSE agents currently 
participating in the project.  In the prototype implementation of the MSE Moderator, 
the Knowledge Acquisition process has been implemented as an application, which 
may be used to create, delete or modify Design Agent Module objects, and their 
associated knowledge objects.  The resulting objects are stored, as persistent objects 
in an object oriented knowledge database.  Figure 4 shows the interface from the 
prototype MSE Moderator Knowledge Acquisition module.  This can be used 
whenever new Agents join a project, or existing Agents are changed in any way.  
 
An MSE Moderator functioning for a particular MSE project will acquire knowledge 
of the particular MSE agents available to and participating in the project, and be able 
to update that knowledge as the project progresses. 
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5. Conclusions  
A prototype MSE Moderator has been designed and implemented to demonstrate the 
feasibility of the MSE Moderator concepts within the MISSION MMP context. The 
prototype was successfully demonstrated to industrial collaborators in the final stages 
of the MISSION Research Project.  
 
The MSE Moderator has been shown to work in the context of the MISSION MMP, 
but it has also been shown to have much wider applicability.  There is now a need for 
research to establish a taxonomy of knowledge relevant to the process of MSE 
moderation, which in turn will lead to the definition of an effective methodology for 
capture and maintenance of moderation knowledge in a live implementation. There is 
also further scope for research into an MSE Moderator knowledge acquisition 
interface which is both user friendly, and which can learn from experiences gained in 
earlier MSE projects. 
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